PATENT ABSTRACTS OF JAPAN 



(1 1 )Publication number : 05-1 2091 2 

(43)Date of publication of application : 18.05.1993 



(51)IntCI. H01B 1/06 

C08K 3/24 
C08K 5/06 
C08L 71/02 
C08L 71/02 



(21) Application number : 03-284380 (71)Applicant : MATSUSHITA ELECTRIC IND CO LTD 

(22) Date of filing : 30.10.1991 (72)Inventor : SATO YOSHIKO 

UEMACHI YASUSHI 
TONOMURA TADASHI 
TAKEYAMA KENICHI 



(54) SOUD POLYELECTROLYTE 

(57)Abstract: 

PURPOSE: To produce a solid polyelectrolyte having high ion conductivity at a room temperature so as to 
stabilize electrochemical elements for a primary battery a secondary battery, a capacitor and the like. 
CONSTITUTION: A solid polyelectrolyte is composed of mixture of a high polymer, whose principal chain, having 
a side chain of a polyalkylene oxide structure, is a vinyl polymer, alkali metallic salt, and high boiling point liquid. 
Stable construction is caused by using polyethylene oxide dimethylether, and the like, which alkali metal is 
dissolved in, and hardly vaporizes at an operation temperature. It is also possible to obtain the solid 
polyelectrolyte. having high dissociation ability of the alkali metallic salt, and high ion conductivity. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The macromolecule (1) which has a side chain, and the solid polymer electrolyte characterized by 
mixing an alkali-metal salt (3) with a high-boiling point liquid (2). 

[Claim 2] The solid polymer electrolyte according to claim 1 characterized by the structure of a principal chain 
being the polymer of a vinyl compound. 

[Claim 3] The solid polymer electrolyte according to claim 1 characterized by the structure of a side chain being 
polyalkylene oxide structure. 

[Claim 4] The solid polymer electrolyte according to claim 1 with which the alkylene oxide frame of the side 
chain of a giant molecule (1) is characterized by methoxy-izing the end by the homopolymer of ethyleneoxide or 
propylene oxide, and both copolymer. 

[Claim 5] The solid polymer electrolyte according to claim 1 characterized by the number of repeat units which a 
high-boiling point liquid (2) is polyethylene oxide wood ether or wood ether of polypropylene oxide, and becomes 
from oxyethylene or oxypropylene being 4 to 15. 

[Claim 6] The solid polymer electrolyte according to claim 1 characterized by the number of repeat units which a 
high-boiling point liquid (2) is wood ether of the random copolymer of ethyleneoxide and propylene oxide, and 
becomes from oxyethylene or oxypropylene being 4 to 15. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention can be used about a giant-molecule solid electrolyte as electrolytes for 
electrochemistry components, such as a primary cell, a rechargeable battery, a capacitor, and an electrochromic 
display device. 
[0002] 

[Description of the Prior Art] Conventionally, the liquid has been used as an electrolyte of electrochemistry 
components, such as a primary cell, a rechargeable battery, a capacitor, and an electrochromic display device. 
[0003] However, a liquid spill occurs and the electrolyte of a liquid has the fault which lacks in prolonged 
dependability. 

[0004] On the other hand, if a solid electrolyte does not have such a fault and it is used for the above- 
mentioned various electrochemistry components, while simplification of manufacture of a component can be 
attained, a component's own small and lightweightHzation can be attained, and it becomes possible to be able to 
offer a reliable component by liquid spill-proof nature further. For this reason, the researches and developments 
to a solid electrolyte are done actively. 

[0005] Conventionally, it can divide roughly into three, an inorganic system ingredient, a multicomputer system 
ingredient, and an organic system ingredient, as a solid electrolyte with which researches and developments are 
done. As an inorganic system ingredient, they are a silver iodide. Li2Ti 307. beta-alumina, and RbAg 415. The 
tungstophosphoric acid etc. is known. However, an inorganic system ingredient is difficult to produce a film in the 
configuration of arbitration or to fabricate in many cases. Furthermore, a raw material is expensive. In order to 
obtain sufficient ion conductivity, there are many for which temperature higher than a room temperature is 
needed. Such a fault poses a practical problem. 

[0006] In order to abolish the fault on film production of this inorganic system ingredient, the compoundHzed 
approach with resin is proposed (JP,63-78405,A etc.). This approach also has an ion conductivity destabilizing 
factor from the exfoliation in which the interface between inorganic materials originates in external stress. 
[0007] As an ingredient which improves the above-mentioned fault, an organic system ingredient attracts 
attention and is studied. It consists of electrolyte salts which serve as a macromolecule used as a matrix, and a 
carrier as an organic system ingredient Since it was reported that polyethylene oxide (PEO) and an alkali-metal 
salt form a crystalline complex, and, as for those systems, show high ion conductivity, research of solid polymer 
electrolytes, such as PEO, propylene oxide, polyethyleneimine, poly epichlorohydrin, and polyphosphazene, has 
been done actively. As compared with an inorganic system ingredient, the solid polymer electrolyte of such an 
organic system ingredient is lightweight, has flexibility and a high energy consistency, and has the ingredient 
[ itself] flim workability. Maintaining such an outstanding property, in order to obtain the macromolecule 
polyelectrolyte which has high ion conductivity, research is done actively. 

[0008] As contents by which the conventional proposal is made, there is an approach using the macromolecule 
of the shape of an above-mentioned straight chain as a solid electrolyte. Ion uses a diffusion transportation 

phenomenon by the ion which dissociated this approach into the matrix macromolecule making and carrying 
out the solvation of the oxygen (-0-) and the meeting object in a polymer, and impressing electric field, 
repeating a meeting and dissociation. At this time, ion changes local arrangement of the macromolecule chain by 
the thermal motion of a macromolecule, and is conveyed. Therefore, a macromolecule should just choose what 
has a low glass transition temperature. However, near a room temperature is a crystallizing point and these 
straight chain-like macromolecules have become the cause that ion conductivity falls. 



[0009] In a solid polymer electrolyte, in order to realize high ion conductivity at a room temperature, it is needed 
to make an amorphous field exist. As this approach, the approach (JP,63-55811 A) of constructing a bridge by 
alkylene diisocyanate in a polyoxyalkylene glycerol and the approach of constructing a bridge by tolylene 
diisocyanate are proposed. 

[0010] Moreover, using the bridge formation resin by copolymerization of the polyoxyalkylene which, had a 
reactant double bond in both ends, and Pori (methoxy oxy-alkylene) which had a double bond in the piece end is 
also proposed. 

[0011] Furthermore, independent or the systems which mixed the mixed solvent and promoted dissociation of an 
alkali-metal salt and migration of ion, such as propylene carbonate, ethylene carbonate, a sulfolane, and gamma- 
butyrolactone, are also proposed all over the network by the reaction of a bifunctional giant molecule and the 
giant molecule of monofunctional nature. 
[0012] 

[Problem(s) to be Solved by the Invention] However, in the copolymer of a compound with such a reactant 
double bond, since a limit of movement of an oxy-alkylene chain took place according to the point constructing a 
bridge or the structure of a principal chain which carried out the polymerization, high ion conductivity could not 
obtain, and there was a fault that a mechanical strength was hard to be obtained. 

[0013] Moreover, the isocyanate used as the bridge formation approach has high reactivity, and if neither 
management of moisture nor management of own activity of isocyanate to be used is performed at the time of 
ingredient preparation, it is difficult [ it ] to realize a reproducible bridge formation condition. Furthermore, when 
an urethane bridge formation object was used for a cell, the technical problem that a lifting solid polymer 
electrolyte applied [ the active hydrogen under urethane bond ] decomposition and cutting to stability according 
to electrochemical reaction occurred. 

[0014] By the system which furthermore mixed the solvent, when a solvent slipped out out of a matrix, the 
technical problem that the property as an electrolyte changed occurred. 

[0015] The purpose of this invention cancels the above-mentioned fault, and handling is easy at the time of 
manufacture, and it aims at having high ion conductivity at a room temperature, and offering a stable solid 
polymer electrolyte. 
[0016] 

[Means for Solving the Problem] In order to attain this purpose, this invention has the configuration with which 
the high-boiling point solvent which dissolved the alkali-metal salt in the macromolecule with the side chain 
which consists of the principal chain and the Pori (alkylene oxide) structure of vinyl polymer is held. A 
polyoxyalkylene part is made into oxyethylene, the homopolymer of oxypropylene, or both random copolymer, 
and is suppressing crystallization of an oxy-alkylene part 

[0017] Moreover, although the number of repeat units which is polyethylene oxide wood ether, polypropylene 
oxide wood ether, or wood ether of the random copolymer of ethyleneoxide and propylene oxide, and consists of 
oxy-alkylene as a high-boiling point solvent to mix is 4 to 15, at least one kind is chosen from inside, and it is 
held in the amount compound of macromolecules which has the network structure. 
[0018] 

[Function] It is possible for a mechanical strength to be secured by using vinyl polymer as a principal chain, for 
you to give the high-boiling point solvent and compatibility which dissolved the alkali-metal salt according to the 
Pori (oxy-alkylene) structure of a side chain, and for a solvent to make it hold. Moreover, since the Pori (oxy- 
alkylene) chain of a side chain is the structure in which segmental motion is possible, ionic conduction is helped. 
Furthermore, a high-boiling point solvent takes a macromolecule chain and microfacies isolation construction, 
and dissolves, and **** of migration of ion can secure it enough by forming the continuous phase of a solvent 
part 

[0019] Furthermore, crystallization at low temperature is suppressed by making into oxyethylene. the 
homopolymer of oxypropylene, or both random copolymer the polyalkylene oxide wood ether mixed as the 
polyoxyalkylene part and high-boiling point solvent of a macromolecule. respectively, and ion conductivity 
improvement is possible. 
[0020] 

[Example] Hereafter, an example is stated to a detail. 

[0021] (Example 1) The dioxane and the ethanol mixed solution which dissolved graft-copolymer (Mw: 300.000) 
lOg and trifluoro methansulfonic acid lithium 2g which has the structure which added polyethylene oxide in the 
hydroxyl group of the block copolymer of styrene and hydroxystyrene were adjusted, and polyethylene oxide 



wood ether 20g of molecular weight 200 was mixed further. It cast on Ti foil and the solvent was removed over 8 
hours by the 80-degree C vacuum dryer. Thus, the film of the shape of a solid-state with a thickness of 100 
micrometers was created. Actuation was performed in the argon air current and the effect of oxygen and 
moisture was suppressed. 

[0022] Thus, Ti was measured for the electric conductivity of the obtained film (thickness: 100 micrometers) as 
an electrode, and electric conductivity called 1.5x10-3 S/cm was obtained in 25 degrees C. Furthermore in -20 
degrees C, the value of 2x10-4 S/cm was acquired. The mechanical strength of this film showed tensile strength 
20kg cm-2. 

[0023] Moreover, reduction of the weight of Ushiro who saved with the 60-degree C thermostat for 20 hours 
was not accepted, and the electric conductivity in 25 degrees C did not change, either. 

[0024] (Example 2) The dioxane and the ethanol mixed solution which dissolved graft-copolymer (Mw: 200,000) 
lOg and trifluoro methansulfonic acid lithium 2g which has the structure which added the random copolymer of 
ethyleneoxide and propylene oxide in the hydroxyl group of the block copolymer of styrene and vinyl alcohol 
were adjusted, and wood ether 20g of the random copolymer of the ethyleneoxide of molecular weight 230 and 
propylene oxide was mixed further It cast on Ti foil and the solvent was removed over 8 hours by the 80-degree 
C vacuum dryer. Thus, the film of the shape of a solid-state with a thickness of 150 micrometers was created. 
Actuation was performed in the argon air current and the effect of oxygen and moisture was suppressed. 
[0025] Thus, Ti was measured for the electric conductivity of the obtained film (thickness: 150 micrometers) as 
an electrode, and electric conductivity called 1x10-3 S/cm was obtained in 25 degrees C. Furthermore in -20 
degrees C, the value of 1x10-4 S/cm was acquired. The mechanical strength of this film is tensile strength. 30kg 
cm-2 were shown. 

[0026] Moreover, reduction of the weight of Ushiro who saved with the 60-degree C thermostat for 20 hours 

was not accepted, and the electric conductivity in 25 degrees C did not change, either. 

[0027] 

[Comparative Example(s)] lOg Fori Dimethacrylate ester (Oxyethylene) (oxyethylene unit number : 9. molecular- 
weight:536. Shin-Nakamura Chemical), 30g Fori (methoxy oxyethylene) methacrylic ester (the number of 
oxyethylene units: 9, molecular-weight:468, Shin-Nakamura Chemical), and a 2g trifluoro methansulfonic acid 
lithium Folyethylene oxide wood ether 20g of the dissolved molecular weight 200 was mixed, and 0.2g of benzyl 
dimethyl ketals which are a photosensitizer was added, it dissolved. 0.2g per circle with a diameter of 20mm was 
slushed on the titanium foil, ultraviolet rays were irradiated, and the polymerization reaction was performed. 
Actuation was performed in the argon air current which is inert gas, and suppressed the effect of oxygen and 
moisture. 

[0028] Thus, Ti was measured for the electric conductivity of the obtained film (thickness: 200 micrometers) as 
an electrode, and electric conductivity called 1x10-3 S/cm was obtained in 25 degrees C. Furthermore in -20 
degrees C, the value of 6x10-4 S/cm was acquired. The mechanical strength of this film showed 15kg cm-2 with 
tensile strength. 

[0029] Moreover, after saving with a 60-degree C thermostat for 20 hours, reduction of 10% of weight was. The 

electric conductivity in 25 degrees C became 8x10-4 S/cm. 

[0030] 

[Effect of the Invention] By making the high-boiling point solvent which mixed the alkali-metal salt to the 
macromolecule which has the side chain which had oxy-alkylene structure as mentioned above hold, dissociative 
[ of ion ] and mobility can improve and the solid polymer electrolyte which has high ionic conductivity by leaps 
and bounds can be created. Therefore, it is suitable for the solid polymer electrolyte of electrochemistry 
components, such as a primary cell, a rechargeable battery, a capacitor, and an electrochromic display device. 
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